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TURBINE ENGINE DAMPER 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of the filing date of U.S. provisional application 
5 no. 60/174,795 filed January 6, 2000. 

FIELD OF INVENTION 

This invention relates generally to turbine engines, specifically, to an improved 

damping mechanism for turbine engine components. 

GOVERNMENT RIGHTS STATEMENT 
10 The United States Government has rights in this invention pursuant to Contract No. 

F33615-98-C-3206 awarded by the Department of the Air Force. 

BACKGROUND OF THE INVENTION 

A typical turbine engine includes a compressor, a combustor and a turbine. The 

compressor and turbine each include a number of rows of blades attached to a rotating 
15 cylinder often referred to as the shroud. The engine operates by intaking air compressed by 

the compressor and forcing it into the combustion chamber. During operation of the engine, 

fuel is continuously sprayed into the combustion chamber along with the compressed air. The 

mixture of fuel and air is ignited, thereby creating exhaust gases that enter the turbine. The 

turbine comprises a number of blades that are driven by the exhaust gases produced in the 
20 combustor, and since the turbine is connected to the compressor via a shaft, the exhaust gases 

that drive the turbine also drive the compressor, thereby restarting the ignition and exhaust 

cycle by drawing further air into the combustor. 

The components of the engine operate at very high temperatures and rotational speeds, 

are subject to large centrifugal forces, and experience high aerodynamic loads, all of which 
25 contribute to a high vibration environment. The modes of vibrations in turn significantly 

stress components of the engine, including but not limited to fan blades, compressor blades, 

turbine blades, vanes and shrouds resulting in high cycle fatigue and premature wear of the 

blades and other engine components. 

A number of approaches have been used to reduce the vibrations in turbine engines, 
30 and specifically, in the blades. One known approach, friction damping, dampens the 

vibrations in the blades by utilizing a friction damping plate member attached to the 

underlying~blade. As die blades are driven by the exhaust gases, the plate member rubs 

against the blade and dissipates the vibrational energy. This approach is well-developed, but 
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results in heavy blades, and correspondingly, heavy engines, thereby reducing'the efficiency 
of the engine. Further, the friction damping approach is typically effective over only a limited 
engine operating speed, because of the required balance between the centrifugal loads on the 
blades and the friction application forces. Wearing of the plate members and blades is also 
5 common because of the friction rubbing action. Friction damping systems consequently have 
limited life and wear out. 

Another known approach is viscoelastic damping. This approach utilizes a layer of 
viscoelastic material applied to the blade to absorb and dissipate the vibrations. This 
approach is undesirable because it can increase the weight of the blades and, correspondingly, 

10 the blade support structure of the engine, thereby reducing the efficiency of the engine. 
Viscoelectric damping also has limited damping performance at high temperatures because 
the optimal damping range of viscoelastic materials tends to occur for relatively low 
temperatures. Also, most viscoelastic materials cannot survive the relatively extreme 
temperatur^renvironment associated with the turbine engine. No known viscoelastic material 

15 can survive in the turbine section. Further, the viscoelectric materials have short life spans 
under high centrifugal loads compared to other damping means because of material creep 
issues associated with viscoelastic materials in the turbine engine environment. 

Other vibration dampers utilize hardware attached to the blades, including annular 
rings, spring members, cross section inserts, wire fomr members, as well as other mechanical 

20 connectors that reduce vibrations in the blades and engine. These dampers add significant 
weight to engines, tend to be limited in their application to specific engine speeds and 
vibrational modes, and are subject to wear. 

As mentioned, existing approaches to reducing vibrations include significant 
limitations. Further, the known approaches require much space on, around, or inside the 

25 blades. New blade designs such as integrally bladed rotors, as well as the recent trend toward 
thinner and more aerodynamic blade cross sections, have no installation space for the existing 
conventional damping systems. As a result, significant improvement can still be made 
relative to reducing vibrations in turbine engines. 
SUMMARY OF THE INVENTION 

30 The object of the present invention is to utilize air film damping techniques to reduce 

vibrations in turbine engines. 

The-present invention, an air film damper, utilizes at least one slot or other cavity 
containing ordinary air or another gas to provide damping to turbine engine components such 
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as blades, vanes, shrouds and ducting/liner walls. Each such cavity can be vented or unvented 
to the atmosphere external to such component. As a turbine engine structure vibrates for a 
particular vibration mode in an engine, transverse responses of the upper and lower surfaces 
of the air cavity do not vibrate equally; instead, relative motion occurs. This relative motion 
causes movement of the air in the cavity and results in viscous forces that act to oppose the 
motion of the structure resulting from the vibrational modes. 

The specifications of the air cavity in or on a particular component, including its 
location, area and volume, are dependent on the structural dynamics, and correspondingly the 
vibrational mode shapes, of the engine component structure upon which it is used; further, the 
air cavity is not required to be of any standard dimensions or shape, but rather the length, 
width and depth of the air cavity may vary depending on the structural dynamics to be 
attenuated. The air cavity specifications are independent of the engine operating temperature 
and speed. 

In one embodiment, the damper uses an air cavity near the surface of a blade, such air 
cavity being located generally parallel to the axis of the blade which extends radially from :he 
connecting shaft. The damper in this particular embodiment can be formed by milling the air 
cavity into the blade and covering such air cavity by affixing, typically by welding or 
metallurgically bonding, a piece of material that either completely or partially covers the air 
cavity, thereby resulting in an unvented or vented air cavity, respectively. The covering 
material can be the same material used to fabricate the blade or any other material suitable for 
covering the air cavity. As described above, when the given resonance of the blade is excited 
by aerodynamic or rotational forces from turbine engine operation, the blade structure and 
covering material will vibrate in unequal patterns and a viscous force will be created by :he 
flow of air inside of the damper that will counteract the vibrational modes of the blade. To 
improve the viscous flow, the vent for the air cavity mentioned above should be relatively 
small compared to the size of the air cavity. 

In another embodiment, the damper can use a slot in the blade in which the air cavity 
can be formed as either a thin slot through both sides of the blade or a thin slot extending only 
partially into the blade. If desired, the slot can be covered on either side or both sides with a 
piece of material affixed to the blade or by bonding material, typically via welding or 
soldering, directly onto the slot itself. Such material can either completely or partially cover 
the slot, thereby resulting in either an unvented or vented slot, respectively. The slot provides 
reduction of vibrations through the viscous air flow previously described. 
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In some situations it may be of further advantage to provide one or more baffles in the 
air cavity. The baffles may extend along and connect any two points or sides on or inside the 
air cavity and can either comprise a solid wall separating portions of the cavity or a simple 
connector reinforcing the rigidity and structure of the air cavity, but they can also simply 
extend from any point on the side of the air cavity and terminate within the air cavity. The 
baffles further act to reduce the vibrations transmitted to the other engine components. The 
baffles may be formed of the same materials as the engine component or any other suitable 
material, and may be attached by a variety of bonding techniques including welding, soldering 
and metallurgical bonding. 

In another embodiment, air film damping may be used in connection with stationary 
elements of a turbine engine such as vanes or ducting/liner walls of the turbine engine. The 
stationary vanes typically serve to direct the flow of air through the inside of the turbine 
engine and the ducting/liner walls are the basic skin and structure of the turbine engine. Both 
the vanes and ducting/liner walls are subject to significant vibrations and in this embodiment 
15 one or both contain air cavities. Vibrations are caused as air passes over these components or 
they are vibrated via mechanical vibrations caused by the operation of the engine and the air 
cavity acts to dampen the vibrations as described above in the other embodiments. 

One advantage of the air film damper is that it adds only negligible weight, if any : :o 
the engine components, and correspondingly, the support structure of the engine, thereby 
increasing engine efficiency. Another advantage is that the air film damper requires very 
little, if any, additional space on the engine components or in the engine, thereby enabling 
more aerodynamic blade profiles and higher engine performance. Another advantage of the 
air film damper is that it is temperature insensitive and will work equally well at the varying 
temperatures inside an engine. Another advantage of the air film damper is that the visco us 
damping medium which provides the damping is air, and air does not burn nor is it 
susceptible to centrifugal loads. There are no wear issues associated with the air film damper. 
This results in reduced maintenance of the system. Another advantage of the air film damper 
is that its damping properties can be operational over a wide range of engine speeds and 
vibrational modes, thereby increasing its overall effectiveness in reducing vibrations during 
varying operational conditions. Another advantage of the air film damper is that unlike 
existing damping technologies it can be used both on moving and stationary parts of a turbine 
engine. — 

BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG. 1 is an enlarged fragmentary perspective view of an array of blades used in a turo::ie 
engine incorporating an air film damper in accordance with one embodiment of the present 
invention. 

FIG. 2 is an enlarged perspective view of a single blade incorporatmg an air film damper a.nd 
5 depicting the possible placement of an air vent in accordance with one embodiment of the 
present invention. 

FIG. 3 is a cut-away view along the radial axis of a single blade incorporating an air f:im 
damper in accordance with one embodiment of the present invention. 

FIG. 4 is an enlarged perspective view of a single blade incorporating an air film damper and 
10 depicting the flow of air inside of the air cavity in accordance with one embodiment of :he 
present invention. 

FIG. 5 is an enlarged perspective view of a single blade incorporating an air film damper i:id 
baffle. 

DETAILEE^DESCRIPTION 
15 FIG 1 illustrates a fragmentary view of an array of blades (12) attached to a cylindn : al 

shroud (10) that is equilaterally disposed radially around a central shaft. Each blade (12 is 

depicted with one air film damping structure (14). 

FIG 2 illustrates a single blade (12) attached to a cylindrical shroud (10) showing 

further detail of the air film damping structure (14). The air film damping structure (14 is 
20 comprised of an air cavity in the blade (12) having a length (1) running from the top edge 3) 

to the bottom edge (15), a width (w) running from the tip edge (19) to the curve edge (21) -:d 

a depth (d) running from the inner cavity surface (18) to the outer cavity surface (20). T.us 

air film damping structure (14) is also depicted with an air vent (16). 

FIG 3 depicts a cross-section view of the air film damping structure (14) of a b^ie 
25 (12). A portion of the blade (12) is removed, and replaced with a cover (24) with a thickr.rss 

less than that of ihe portion of the blade (12) removed to fonn the air cavity (22). The co er 

(24) is affixed to the blade (12) by a bonding means (17) between the cover (24) and b'.iie 

(12). The space between the cover (24) and blade (12) defines an air gap (22). The air gav is 

specifically defined by the inner gap surface (18) and the outer gap surface (20). Depend_r.g 
30 on the desired design embodiment, a portion of the welds or metallurgical bonds (17) may be 

omitted to create a vent between the air gap (22) and outside air (26). 

FI(r4 illustrates a conceptual drawing of an air film damping structure (14) attached 

to a cylindrical shroud (10). As the blade (12) or other components vibrate in a particular 
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mode along various node lines (30), the transverse responses of the inner gap surface and 
outer gap surface do not vibrate equally and relative transverse motion occurs. This forces 
the air in the air gap to move inside and/or along the air gap and the resulting viscous forces 
arising from tins motion (40) will tend to oppose the motion of the vibrating blade (12) in that 
mode. 

FIG 5 illustrates a single blade (12) attached to a cylindrical shroud (10) showing 
further detail of the air film clamping structure (14). The air film damping structure (14) is 
comprised of an air cavity in the blade (12) having a length (1) running from the top edge (13) 
to the bottom edge (15), a width (w) running from the tip edge (19) to the curve edge (21) and 
a depth (d) miming from the inner cavity surface (18) to the outer cavity surface (20). This 
air film damping structure (14) is also depicted with an air vent (16). A baffle (50) is located 
in the air cavity and extends the length (1) and the depth (d) and operates to separate the air 
cavity into a tip edge air cavity (42) and a curve edge air cavity (41). Depending on the 
desired design embodiment, the baffle (50) does not need to extend the entire length (1), width 
1 5 (w) or depth (d) of the air cavity. 

The preceding description of the invention has shown and described certain 
embodiments thereof; however, it is intended by way of illustration and example only and not 
by way of limitation. Those skilled in the art should understand thai various changes, 
omissions and additions may be made to the invention without- departing from the spirit and 
20 scope of the invention. 
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What is Claimed is: 

1 . A damper for damping vibrations of a turbine engine, said damper comprising 
at least one air cavity in at least one component of said turbine engine where a material covers 
at least a portion of said air cavity. 
5 2. The damper according to claim 1, in which said component comprises a 

plurality of blade members, each of said blade members comprised of a root portion and an 
airfoil portion connected to said root portion, said root portion of said blade members 
attached to at least one cylindrical shroud. 

3. The damper according to claim 1, in which said component comprises at least 
10 one stationary vane in said turbine engine. 

4. The damper according to claim 1, in which said component comprises a 
cylindrical shroud, said cylindrical shroud comprising a plurality of blade members, each of 
said blade members comprised of a root portion and an airfoil portion connected to said root 
portion, sai^root portion of said blade members attached to said cylindrical shroud. 

!5 5. The damper according to claim 1, in which said component comprises a 

compressor- section of a turbine engine, said compressor section comprising: 
a cylindrical shroud, 
one or more stationary vanes, and 

a plurality' of blade members, each of said blade members comprised of a root 
20 portion and an airfoil portion connected to said root portion, said root portion 

of said blade members attached to said cylindrical shroud. 

6. The damper according to claim 1, in which said component comprises a 
turbine section of a turbine engine, said turbine section comprising: 

a cylindrical shroud, 
25 one or more stationary vanes 

a plurality of blade members, each of said blade members comprised of a root 
portion and an airfoil portion connected to said root portion, said root portion 
of said blade members attached to said cylindrical shroud. 

7. The damper according to claim 1, in which said components comprise ducting 
30 or liner walls of said turbine engine. 

8. The damper according to claim 1, in which said components comprise ducting 
or liner walls of the exhaust system of said turbine engine. 

9. A damper for damping vibrations of a turbine engine, said damper comprising 
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at least one air cavity in at least one component of said turbine engine wnere a material covers 
said air cavity completely. 

10. The damper according to claims 1 or 9 ; in which said damper includes one or 
more baffles inside of said air cavity. 
5 11. The damper according to claim 10, in which one or more baffles extend along 

the entirety of two of the three dimensions of said air cavity. 

12. The damper according to claim 10, in which one or more baffles extend along 
the entirety of one of the three dimensions of said air cavity. 

13. The damper according to claim 10, in which one or more baffles connect two 
1 0 or more points inside of said air cavity. 

14. The damper according to claim 10, in which one or more baffles extend from a 
single point located inside of said air cavity. 
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